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Abstract. A critical issue in the evolution of software models is change
propagation: given a primary change that is made to a model in order to
meet a new or changed requirement, what additional secondary changes
are needed to maintain consistency within the model, and between the
model and other models in the system? In practice, there are many ways
of propagating changes to fix a given inconsistency, and how to justify
and automate the selection between such change options remains a criti-
cal challenge. In this paper, we propose a number of postulates, inspired
by the mature belief revision theory, that a change propagation process
should satisfy to be considered rational and minimal. Such postulates
enable us to reason about selecting alternative change options, and con-
sequently to develop a machinery that automatically performs this task.
We further argue that a possible implementation of such a change propa-
gation process can be considered as a classical state space search in which
each state represents a snapshot of the model in the process. This view
naturally reflects the cascading nature of change propagation, where each
change can require further changes to be made.
1 Introduction
The ever-changing business environment demands constant and rapid evolution
of software and consequently, change is inevitable if software systems are to
remain useful. A key aspect of software maintenance and evolution is change
propagation: given a set of primary changes that have been made to software,
what additional, secondary, changes are needed to maintain consistency within
the system? For example, when adding a message to a UML sequence diagram, a
corresponding method may need to be added to a class diagram. The secondary
changes may themselves result in new inconsistencies, which may also lead to
additional changes and so on. Change propagation is very important in the
process of maintaining and evolving a software system. The software engineer
must ensure that the change is correctly propagated, and that the software does
not contain any inconsistencies.
A large body of work in software maintenance and evolution focuses mainly
on dealing with changes in source code. However, the recent emergence of model
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driven development has better recognised the importance of models in the soft-
ware development process. Therefore, it has become increasingly important and
relevant to provide support for evolution at the level of models [28], as evidenced
by an emerging number of approaches (e.g. [6, 14, 29] and a brief review presented
in section 2) proposed to deal with this issue. Most of the existing work addresses
change propagation from the consistency maintenance perspective: change prop-
agation can be done by detecting and fixing inconsistent relationships in a model,
which are caused by primary changes made to the model.
There are many ways of propagating changes to implement a change request
and maintain consistency in the model, especially in the case which the model is
relatively large. Therefore, dealing with change propagation in model evolution
currently faces two significant challenges: (a) how to justify whether the change
request is actually implemented correctly; and (b) how to achieve effective auto-
mated change propagation since a manual version of this task would be costly,
labour-intensive and in some cases error-prone, especially for complex systems.
Some of the recent work have addressed these issues to a certain extent, e.g. the
work of Egyed et. al. [14] or our recent proposal [10] of a mechanism for fixing
inconsistencies in UML models by automatically generating change options from
a metamodel and consistency constraints. However, there is an emerging need for
a framework that enables the reasoning of selection between alternative change
options and thus the development of a machinery that automates this process.
The mature belief revision community, which spans across the areas of re-
search in philosophy, database and artificial intelligence (AI), has faced similar
issues. Belief revision (or also referred to as belief change) is the process of chang-
ing a knowledge base (i.e. beliefs) to acquire a new piece of information in such
a way that the knowledge base (KB) is consistent. Extensive work in the belief
revision literature has proposed techniques to automatic adaptation of a KB
to new knowledge, without human intervention in the process. In this context,
changes are implemented under the guiding principles that they should be both
rational and minimal. Such principles are formalized as a number of postulates
in the seminal AGM belief revision model1 [1].
We propose to tackle the aforementioned issues in model evolution based on
the notions and ideas that have been developed in the belief revision literature.
In the context of design models, we can view a metamodel (that a model needs
to conform to) as a language and the model is a knowledge base written in
that language. Therefore, belief change intuitions may serve as an inspiration
(or may be directly applicable in some cases) for developing solutions to similar
problems faced by current research in model evolution. In fact, using ideas from
the belief revision, our earlier work [17] has defined a principled process for
evolving requirements specifications and models, with minimal computation cost
and user intervention. In this paper, we focus on defining an abstract change
propagation framework for model evolution, similarly to the AGM framework
for belief changes. This framework consists of a set of postulates that can be
1 The AGM postulates are named after the names of their proponents, Alchourrn,
Grdenfors, and Makinson.
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used to justify a selection of change options in the change propagation process. In
addition, the key principle underlying this framework is the Principle of Minimal
Change: when we change our model to resolve inconsistencies, we want to make
a minimal change, i.e. retain as much information from the original model. This
is due to the fact that developing models is generally costly and unnecessary
losses of information in such models should therefore be avoided.
We then argue that a possible implementation of a change propagation pro-
cess that satisfies those postulates can be developed by adapting existing search
techniques in the AI literature. More specifically, we view change propagation in
the evolution of a model as a state-space search in which each node represents
a snapshot (i.e. state) of the model that corresponds to a step in the change
propagation process. In each state, the model contains either inconsistent or
consistent dependencies. A state is changed into the next one by changes to the
model which may resolve some inconsistent dependencies but may also break
other consistent dependencies. This view explicitly reflects the cascading nature
of change propagation, where each change (primary or secondary) can require
further changes to be made. In this view and under the principle of minimality,
the shortest path from an initial node to the goal node is the change propagation
process that satisfies the set of postulates which constraint the search.
The structure of this paper is as follows. In the next section, we give a brief
overview of the state of the arts in change propagation for models. In section
3, we present an abstract change propagation framework inspired by the AGM
model in belief revision theory. Section 4 serves to discuss the implementation
of such a change propagation process using classical search techniques. We then
conclude and outline some future directions of our work.
2 Change propagation in model evolution: state of the
arts
In this section we attempt to briefly review the current research in support-
ing change propagation in model evolution. Due to space limitations, we only
highlight some of the major approaches to change propagation by detecting and
resolving inconsistencies caused by changes.
The survey presented in [35] review various techniques and methods that
have been proposed to address different activities of the consistency manage-
ment process including: detecting overlaps between software models, detecting
inconsistencies, identifying the source, the cause and the impact of inconsisten-
cies, and resolving inconsistencies. The influential Viewpoints framework [16]
supports the use of multiple perspectives in system development by allowing
explicit “viewpoints” containing partial specifications, which are expressed and
developed using different representation styles and development strategies. In
their framework, inconsistencies arising between individual viewpoints are de-
tected by translating into a uniform logical language. Such inconsistencies are
resolved by having meta-level inconsistency handling rules.
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As UML has become the de facto notation for object-oriented software devel-
opment, most research work in consistency management has focused on problems
relating to consistency between UML diagrams and models (e.g. a range of work
presented in [22, 23]). Several approaches strive to define fully formal semantics
for UML by extending its current metamodel and applying well-formedness con-
straints to the model (e.g. [4]). Other approaches transform UML specifications
to some mathematical formalism (e.g. Description Logic as in [30]) rely on the
well-specified consistency checking mechanism of the underlying mathematical
formalisms. Recently, Egyed [15] proposed a very efficient approach to check in-
consistencies in UML models. His approach scales up to large, industrial UML
models by tracking which entities are used to check each consistency rule, and
then using this information to determine which rules might be affected by a
change, and only re-evaluate these rules.
Previous work on change propagation within UML models has mostly focused
on fixing inconsistencies, with most work aiming to automate inconsistency res-
olution by having pre-defined resolution rules (e.g. [26]) or by identifying specific
change impact rules for all types of changes (e.g. [6]). However, these approaches
suffer from the correctness and completeness issue. Since the rules are developed
manually by the user, there is no guarantee that these rules are complete (i.e.
that they generate all possible inconsistency resolutions) and correct (i.e. that
the resolutions actually fix a corresponding inconsistency). In addition, a signif-
icant effort is required to manually hard-code such rules when the number of
consistency constraints increases or changes.
The work in [31] addresses this issue by proposing an approach to automat-
ically generate repair actions for consistency constraints expressed in xlinkit.
Recent work by Egyed et al. [14] proposes a mechanism for fixing inconsistencies
in UML design models by automatically generating a set of concrete changes.
Their approach uses pre-defined choice generation functions, which compute pos-
sible values for locations in the model, for instance, possible new names for
a method. The generated options are checked against the constraints and are
rejected if they do not in fact repair the constraint, or if they cause new con-
straint violations. However, this work has several major limitations. Firstly, they
consider only a single change at a time, and consequently do not take into ac-
count the cases where a single change may not resolve all inconsistencies, or
may even temporarily introduce new ones before reaching a consistent state.
Secondly, the choice generation functions are written by hand, and may not be
complete, meaning that the approach is incomplete: it only considers a subset
of the possible ways of repairing a given constraint violation. Finally, their ap-
proach does not consider the creation of model elements, which in our opinion
is an important part of change propagation. Our recent work [10–12] overcomes
the above issues by automatically generating inconsistency resolutions for UML
design models. Consistency constraints are specified using the Object Constraint
Language (OCL) [32], and possible inconsistency resolutions are represented in
the form of abstract repair plans.
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Change propagation takes place not only within a model but also between
models at different levels of abstractions or expressed in different languages. In
the context of model driven software development, target models are obtained
from source models using model transformations. In this context, one of the is-
sues related to model evolution is that changes in the source model should be
propagated to the target model and vice versa. There are several approaches to
deal with this issue. The first approach simply re-transforms the changed source
model to produce a new version of the target model for each successive update
made to the source model. A more efficient approach (e.g. [18]), usually referred
to as incremental transformation, ensures that subsequent changes made to the
source model cause appropriate updates on the target model. Both of these ap-
proaches, however, assume that the target model was not changed when it is
updated. As a result, when following these approaches any modifications that
may be made to the target model will be lost the next time a model transforma-
tion takes place. Several approaches have been proposed to deal with this issue
by either merging models or maintain a record of traceability links between the
source and target model elements (e.g. [19]).
Change propagation is also related to change impact analysis, which is defined
as “identifying the potential consequences of a change, or estimating what needs
to be modified to accomplish a change” [5]. The process of change impact anal-
ysis contains two major steps. First, the analyst examines the change request
and identifies the software items (e.g. the artefacts, components, or modules)
initially affected by the change. Next, the analyst identifies other items in the
software that apparently have dependency relationships with the initial ones, and
forms a set of impacts. Those impacted items also relate to other items and thus
the impact analysis continues this process until a complete graph is obtained
beginning at the selected items and ending with items on which nothing else
depends. There have been a proliferation of techniques (see a recent survey in
[25]) proposing to support change impact analysis of procedural, object-oriented
systems or agent-oriented systems (seminal work presented in [3] or more recent
work such as [2, 8, 9, 24, 27, 33]). There are a few approaches that target mod-
els. The work in [21] addresses how change impact analysis can be performed
from a class diagram. They also discussed how object-oriented properties such
as inheritance, encapsulation, polymorphism and so on affect their impact anal-
ysis. They proposed an algorithm to identify the impacted parts of the system
by calculating the delta of two versions of software. Their analysis, however,
only used static information, i.e. the class diagram. In addition, there has been
some recent work aiming at (semi-)automated support for impact analysis of
UML models. For example, the work in [20] developed a tool environment called
QuaTrace that semi-automatically identifies impacts on UML models when sys-
tem requirements (e.g., use case descriptions) undergo changes. Their approach
is based on the establishment of traceability links between textual descriptions
of use cases and UML model elements. The work of [6] also computes change
impacts for actions for UML models but takes a different approach. They identi-
fied specific impact analysis rules (defined with the Object Constraint Language
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[32]), which are used to determine model elements that are directly or indirectly
impacted by the changes. They also proposed a measure of distance between
changed model elements and impacted elements in order to sort the resulting
impact sets according to their probability of occurrence.
3 An abstract framework for rational and minimal
change propagation
Model is commonly viewed as a description of a system using a well-defined
modelling language which is suitable for computer interpretation. Metamodelling
is a widely used mechanism to define such a language. A metamodel is also
a model which describes the abstract syntax of a modelling language, i.e. a
definition of all the concepts and the relationships existing between concepts that
can be used in that language. A model can have multiple views (e.g. diagams),
each of which must be both syntactically and semantically consistent. On the
one hand, syntactic consistency ensures that a model’s view conforms to the
model’s abstract syntax, i.e. a metamodel, which guarantees that the overall
model is well-formed. On the other hand, semantic consistency requires different
views of a model to be semantically compatible (i.e. coherence). For instance,
the message calling direction in a UML sequence diagram must match the class
association direction in a class diagram. Such consistency requirements upon
a model are often expressed using its metamodel and a set of constraints that
specify conditions that a well-formed and consistent model should satisfy.
When a model is modified in order to meet a change request, typically some
primary changes are made and then additional, secondary, changes are made as
a result. Change propagation is the process of determining and making these
secondary changes. In practice, there can be many options for resolving a given
inconsistency. For instance, an inconsistency concerning a naming mismatch be-
tween a message in a sequence diagram and the operations in the message’s
receiver class can be resolved in different ways: either changing the message’s
name or changing the name of one of the operations. Choosing between those
different possible repair plans can depend on various factors. For example, as-
sume that the inconsistency is caused because the designer has renamed the
message so that its name matches with a corresponding state transition. In this
case, renaming an operation is possibly more preferable from the designer’s per-
spective. The above example has shown that the cause of inconsistency can play
a role in determining which repair plans should be chosen. Other elements that
can influence repair plan selection include user dependent factors such as the
designer’s style and preferences. In addition, since we view inconsistency resolu-
tion in the context of change propagation, we have to consider the side-effects of
a resolution of on other constraints. They can be negative effects, i.e. breaking
a constraint, or positive effects, i.e. resolving a violated constraint. As a result,
the selection of repair plans is also dependent on their side-effects.
Formulating all of those factors is not generally feasible, thus a completely
automated mechanism for selecting change propagation options is not appropri-
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ate. On the other hand, it is not desirable for our change propagation mechanism
to just give the designer all of the possible options. We therefore propose an ab-
stract framework that will drive the selection of change options. We formulate a
set of postulates that a “rational” change propagation operator needs to satisfy.
The underlying motivation of these postulates (inspired by the AGM theory in
belief revision) is that when we change our model, we want to make a minimal
change, i.e. retain as much information from the original model. The design pro-
cess to create models is generally costly and unnecessary losses of information
in such models should therefore be avoided.
In a typical change propagation process, the designer is guided by a change
request which can be fulfilled by making a given change to the system’s design.
Based on the intuitions and ideas from the AGM model [1], we propose the
following postulates for a change propagation process.
1. The output of a change propagation process is a well-formed and consistent
model.
2. The change propagation process must successfully implement the change
request, i.e. the modified model contains the change.
3. The change propagation process should be terminated as soon as the model
becomes consistent again. We propagate changes by finding places in a model
where the desired consistency constraints are violated, and fixing them until
no inconsistency is left in the model.
4. If the primary changes result in no inconsistency, then no further changes
are needed.
5. Change propagation should be analysed on the semantic level and not on the
syntactical level. This means that semantically equivalent changes should
lead to identical updated models. Model refactoring techniques (e.g. [36])
mostly satisfy this condition since they change a model in such a way that
its behaviour is preserved.
6. The updated model is closest to the original model (with respect to a certain
distance metric). This is also referred to as the Principle of Minimal Change,
one of the most important principles in belief revision. This principle drives
the selection between applicable change options: if both options resolve an
inconsistency, the preferred option would change the model minimally.
The above postulates can be used to justify an implementation of a change
propagation process in the evolution of models. In the next section, we will
discuss how such an implementation can be developed using classical search
techniques.
4 Change propagation as a state space search
Similarly to Rajlich’s model of change propagation of a program [34], we view the
evolution of a model as a sequence of snapshots where each snapshot represents
one particular moment in the process, with some dependencies being consistent
and others being inconsistent. A transition between two snapshots of the same
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model is triggered by a change made to an entity in the model, which may change
some inconsistent dependencies into consistent ones and vice versa. This reflects
the cascading nature of change propagation where performing an action to fix
an inconsistency can cause further inconsistencies (side-effects) which require
further actions.
From this perspective, we propose that the problem of determining a change
propagation process that satisfies all the postulates set out earlier can be formu-
lated as a state space search problem. In this state space setting, each snapshot
of a model is actually represented by a state. A state in which all dependencies in
the model are consistent is referred to as the “consistent” state, whereas a state
in which some of the dependencies are not consistent is called the “inconsistent”
state.
Furthermore, the initial state represents the model after being modified by
primary changes. In the goal state, all dependencies in the model are consistent,
i.e. the consistent state (Postulate 1). If the initial state is a consistent state,
then it is also the goal state, and thus no further changes are needed to the
model (Postulate 4). However, if the initial state is inconsistent, we need to find
a path that takes us from the initial state to the goal state, i.e. the solution path
(Postulate 3). There can be many solution paths, which reflects the fact that
there are multiple ways of resolving a given inconsistency. Under the principle
of minimal change (i.e. Postulate 6), we however need to find the shortest paths
where the distance between nodes (i.e. states) represents how the a version of
the model (represented by a node) deviates from another version (represented
by another node). It is noted that a solution path may contain intermediate,
inconsistent, states, which naturally represents steps in the change propagation
process.
In our previous work [10, 11], we have proposed a change propagation frame-
work for design models based on the above approach of formulating change
propagation as a state space search. This framework addresses a critical issue
in state-space search: the generation of candidate states/nodes in the search is
done automatically using a machinery that analyses a metamodel (specified in
UML) and a set of OCL constraints. In this framework, the distance between two
nodes (each of which representing the original and modified models) indicates
the number of change actions that are applied to the original model to obtain
the modified model. In addition, we assign each primitive action type2 with an
exchange rate (its “basic cost”), for instance creation may have an assigned cost
of 1 and deletion a cost of 3. These numbers do not correspond to any real cost,
and are simply used to compare different action types. It is worth noting that
the selection of the specific “exchange rate” values is somewhat arbitrary, and
thus we allow the user to specify them.
The change propagation framework proposed in our previous however has
two major issues. Firstly, in a worst case scenario our previous work performs
2 Changes to a model can be classified into four primitive types: creation of enti-
ties, adding and removing relationships between entities, and updating the values of
attributes of entities.
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an exhaustive search to find all the possible goal nodes. As a result, it is only
applicable to small to medium models and is not scalable to larger models [11].
A better approach would be adapting classical search techniques (e.g. best first
search, A*, etc.). A challenge in this approach is defining the distance between
nodes in the search space (or the cost to get from one node to another node),
which correctly reflects the actual the conceptual distance between versions of
a model (that the nodes represents). Another challenge is identifying admissible
heuristic estimate of the distance to the goal.
Secondly, previous work (e.g. [7, 13]) addresses the first challenge to some
extent in terms of defining the distance between versions of a model by assign-
ing costs to change actions. This approach is, to some extent, arbitrary, and
the cheapest cost option may not always reflect the minimality of the changes.
For instance, there can be many changes made to a model (resulting in a high
cost), but the structure of the model may change very little or the semantics of
the model may not even change (Postulate 5). Therefore, the distance between
versions of a model should be defined in such a way that it captures different
aspects of the model. In our recent work [7], we have made initiatives towards
this direction by proposing a set of proximity relations between versions of a
service choreography model that accommodates both the structural and seman-
tic dimensions of the model in the context of service oriented architectures.
We encode a service choreography (in the form of UML activity diagrams) into
semantically-annotated graphs called Semantic Process Networks (or SPNets).
Structural proximity between SPNets is calculated based on the set of nodes or
edges in the SPNets using either set inclusion-oriented or set cardinality-oriented
measurement. On the other hand, to calculate semantic proximity, we proposed
to annotate each activity in a UML activity diagram with a semantic effect and
had a machinery to automatically calculate the set of effect scenarios3 for the
process described in the activity diagram. We then used set inclusion-oriented or
set cardinality-oriented measurement to define the semantic proximity between
two SPNets.
5 Conclusions and Future Work
One of the most critical problems in software maintenance and evolution is
to maintain consistency between software artefacts by propagating changes cor-
rectly (i.e. change propagation). Although many approaches have been proposed,
automated change propagation is still a significant technical challenge in software
engineering. We have observed many similarities between change propagation in
model evolution and the belief revision in AI such as the issues of maintaining
consistency, and automatically making rational and minimal changes. In this
paper, we have therefore proposed an abstract framework consisting a number
of postulates (inspired by the well-known AGM model in belief revision) that
can be used to justify and drive a change propagation process. We have also
3 Due to decision and fork nodes, there may be multiple end effects of a process, each
corresponding a scenario of how the process is executed.
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described how an implementation of such a change propagation process can be
developed using classical search techniques.
The visionary ideas that we have discussed in this paper lay out an important
foundation for future work. This involves refining the proposed postulates and
grounding them in a specific context (e.g. UML models). We would also need
to develop a mechanism to automatically check if a change operator satisfies
the postulates. Another important item for future work would involve explor-
ing further measurement that better reflect the distance between versions of a
model. Finally, a full implementation and evaluation of the framework are really
necessary and are part of our future work.
References
1. Alchourro´n, C.E., Ga¨rdenfors, P., Makinson, D.: On the logic of theory change:
Partial meet contraction and revision functions. Journal of Symbolic Logic 50(2),
510–530 (1985)
2. Apiwattanapong, T., Orso, A., Harrold, M.J.: Efficient and precise dynamic im-
pact analysis using execute-after sequences. In: ICSE ’05: Proceedings of the 27th
International Conference on Software Engineering. pp. 432–441. ACM, New York,
NY, USA (2005)
3. Arnold, R., Bohner, S.: Software Change Impact Analysis. IEEE Computer Society
Press (1996)
4. Bodeveix, J.P., Millan, T., Percebois, C., Camus, C.L., Bazex, P., Feraud, L.:
Extending OCL for verifying UML models consistency. In: Kuzniarz et al. [22], pp.
75–90
5. Bohner, S.A., Arnold, R.S.: Software Change Impact Analysis, chap. An Introduc-
tion to Software Change Impact Analysis, pp. 1–26. IEEE Computer Society Press
(1996)
6. Briand, L.C., Labiche, Y., O’Sullivan, L., Sowka, M.M.: Automated impact analysis
of UML models. Journal of Systems and Software 79(3), 339–352 (March 2006)
7. Dam, H.K., Ghose, A.: Supporting change propagation in the maintenance and
evolution of service-oriented architectures. In: Proceedings of the 2010 Asia Pa-
cific Software Engineering Conference. pp. 156–165. APSEC ’10, IEEE Computer
Society, Washington, DC, USA (2010)
8. Dam, H.K., Ghose, A.: Automated change impact analysis for agent systems. In:
Proceedings of the 27th IEEE International Conference on Software Maintenance.
pp. 33–42. ICSM ’11, IEEE, Washington, DC, USA (2011)
9. Dam, H.K., Ghose, A.: Supporting change impact analysis for intelligent agent
systems. Science of Computer Programming 78(9), 1728 – 1750 (2013)
10. Dam, H.K., Winikoff, M.: Supporting change propagation in UML models. In:
Proceedings of the 26th IEEE International Conference on Software Maintenance.
pp. 1–10. ICSM ’10, IEEE Computer Society, Washington, DC, USA (2010)
11. Dam, H.K., Winikoff, M.: An agent-oriented approach to change propagation in
software maintenance. Journal of Autonomous Agents and Multi-Agent Systems
23(3), 384–452 (2011)
12. Dam, K.H.: Support Software Evolution in Agent Systems. PhD thesis, RMIT
University, Australia (2008)
Towards rational and minimal change propagation in model evolution 11
13. Dam, K.H., Winikoff, M.: Cost-based BDI plan selection for change propagation.
In: Padgham, Parkes, Mu¨ller, Parsons (eds.) Proceedings of the 7th International
Conference on Autonomous Agents and Multiagent Systems (AAMAS 2008). pp.
217–224. Estoril, Portugal (May 2008)
14. Egyed, A., Letier, E., Finkelstein, A.: Generating and evaluating choices for fixing
inconsistencies in UML design models. In: ASE ’08: Proceedings of the 2008 23rd
IEEE/ACM International Conference on Automated Software Engineering. pp.
99–108. IEEE Computer Society, Washington, DC, USA (2008)
15. Egyed, A.: Instant consistency checking for the uml. In: ICSE ’06: Proceedings of
the 28th International Conference on Software Engineering. pp. 381–390. ACM,
New York, NY, USA (2006)
16. Finkelstein, A.C.W., Gabbay, D., Hunter, A., Kramer, J., Nuseibeh, B.: Inconsis-
tency handling in multiperspective specifications. IEEE Trans. Softw. Eng. 20(8),
569–578 (1994)
17. Ghose, A.K.: A formal basis for consistency, evolution and rationale management
in requirements engineering. In: Proceedings of the 11th IEEE International Con-
ference on Tools with Artificial Intelligence. pp. 77–84. ICTAI ’99, IEEE Computer
Society, Washington, DC, USA (1999)
18. Hearnden, D., Lawley, M., Raymond, K.: Incremental model transformation for
the evolution of model-driven systems. In: Nierstrasz, O., Whittle, J., Harel, D.,
Reggio, G. (eds.) MoDELS’06: Model Driven Engineering Languages and Systems.
Lecture Notes in Computer Science, vol. 4199, pp. 321–335. Springer (2006)
19. Ivkovic, I., Kontogiannis, K.: Tracing evolution changes of software artifacts
through model synchronization. In: Proceedings of the 20th IEEE International
Conference on Software Maintenance (ICSM). pp. 252–261. IEEE Computer Soci-
ety (2004)
20. von Knethen, A., Grund, M.: Quatrace: a tool environment for (semi-) automatic
impact analysis based on traces. ICSM’03: Proceedings of 19th International Con-
ference on Software Maintenance pp. 246–255 (Sept 2003)
21. Kung, D.C., Gao, J., Hsia, P., Wen, F., Toyoshima, Y., Chen, C.: Change impact
identification in object oriented software maintenance. In: ICSM ’94: Proceedings
of the International Conference on Software Maintenance. pp. 202–211. IEEE Com-
puter Society, Washington, DC, USA (1994)
22. Kuzniarz, L., Reggio, G., Sourrouille, J.L., Huzar, Z. (eds.): UML 2002, Model
Engineering, Concepts and Tools. Workshop on Consistency Problems in UML-
based Software Development. 2002:06, Blekinge Institute of Technology, Ronneby
(2002)
23. Kuzniarz, L., Reggio, G., Sourrouille, J.L., Huzar, Z. (eds.): UML 2003, Model-
ing Languages and Applications. Workshop on Consistency Problems in UML-
based Software Development II. 2003:06, Blekinge Institute of Technology, Ron-
neby (2003)
24. Law, J., Rothermel, G.: Whole program path-based dynamic impact analysis. In:
ICSE ’03: Proceedings of the 25th International Conference on Software Engineer-
ing. pp. 308–318. IEEE Computer Society, Washington, DC, USA (2003)
25. Lehnert, S.: A taxonomy for software change impact analysis. In: Proceedings of
the 12th International Workshop on Principles of Software Evolution and the 7th
annual ERCIM Workshop on Software Evolution. pp. 41–50. IWPSE-EVOL ’11,
ACM, New York, NY, USA (2011)
26. Liu, W., Easterbrook, S., Mylopoulos, J.: Rule based detection of inconsistency in
UML models. In: Kuzniarz et al. [22], pp. 106–123
12 Hoa Khanh Dam and Aditya Ghose
27. Maia, M.C.O., Bittencourt, R.A., de Figueiredo, J.C.A., Guerrero, D.D.S.: The hy-
brid technique for object-oriented software change impact analysis. In: Proceedings
of the 14th European Conference on Software Maintenance and Reengineering. pp.
252–255. IEEE Computer Society (2010)
28. Mens, T.: Introduction and roadmap: History and challenges of software evolution.
In: Mens, T., Demeyer, S. (eds.) Software Evolution. Springer Berlin Heidelberg
(2008)
29. Mens, T., D’Hondt, T.: Automating support for software evolution in UML. Au-
tomated Software Engineering 7(1), 39–59 (2000)
30. Mens, T., Straeten, R.V.D., Simmonds, J.: A framework for managing consistency
of evolving UML models. In: Yang, H. (ed.) Software Evolution with UML and
XML, pp. 1–31. Idea Group Publishing (2005)
31. Nentwich, C., Emmerich, W., Finkelstein, A.: Consistency management with repair
actions. In: ICSE ’03: Proceedings of the 25th International Conference on Software
Engineering. pp. 455–464. IEEE Computer Society (2003)
32. Object Management Group: Object Constraint Language (OCL) 2.0 Specification.
http://www.omg.org/docs/ptc/03-10-14.pdf (2006)
33. Petrenko, M., Rajlich, V.: Variable granularity for improving precision of impact
analysis. In: The 17th IEEE International Conference on Program Comprehension,
ICPC 2009, Vancouver, British Columbia, Canada, May 17-19, 2009. pp. 10–19.
IEEE Computer Society (2009)
34. Rajlich, V.: A model for change propagation based on graph rewriting. In: Pro-
ceedings of the International Conference on Software Maintenance (ICSM). pp.
84–91. IEEE Computer Society (1997)
35. Spanoudakis, G., Zisman, A.: Inconsistency management in software engineering:
Survey and open research issues. In: Chang, K.S. (ed.) Handbook of Software
Engineering and Knowledge Engineering, pp. 24–29. World Scientific (2001)
36. Straeten, R.V.D., Jonckers, V., Mens, T.: A formal approach to model refactoring
and model refinement. Software and System Modeling 6(2), 139–162 (2007)
